3-aminotriazole (3AT), an inhibitor of His3p, indicating med2-1 strains (data not shown). Immunoblot analysis that HIS3 transcription was impaired. Genetic analysis
revealed an approximately 50% reduction in Gcn4-revealed that the swi1-1, snf2-1, swp73-1, swp73-2, and 1422p levels in the swi/snf and med2-1 strains versus med2-1 mutants contained a single insertion that conthe wild-type under starvation conditions; however, the ferred recessive 3AT sensitivity comparable to that of a 3AT-sensitive phenotypes of the mutants were not supgcn5⌬ strain ( Figure 1A) . The growth of all five mutants pressed by additional copies of GCN4-1422 on singlealso was impaired by excess leucine ( Figure 1A) , which or high-copy number plasmids. Western blot analysis causes isoleucine-valine starvation, indicating a defect revealed that introduction of a second copy of GCN4-in Gcn4p-mediated induction of Ile-Val biosynthetic en-1422 doubled the Gcn4p level (data not shown). We zymes. We verified that the swi/snf and med2-1 mutaconclude that the swi/snf and med2-1 mutations do not tions conferred comparable 3AT sensitivity in GCN4-impair Gcn4p function by reducing its expression. 1422 and wild-type GCN4 strains (data not shown).
To quantitate the effects of the mutations on transcriptional activation by Gcn4p, we assayed a HIS3-gus re-
Binding of GST-Gcn4p to the SWI/SNF and the SRB/ porter under conditions repressing or derepressing for
Mediator in Cell Extracts Is Dependent on the Gcn4p-regulated genes. Histidine starvation by 3AT
Hydrophobic Clusters in the Activation Domain treatment, which induces Gcn4p (Hinnebusch, 1992),
We observed specific binding of SWI/SNF subunits in resulted in 6.9-fold stimulation of HIS3-gus expression yeast extracts to a GST-Gcn4p fusion, but at higher in wild-type cells, but only 1.6-to 1.9-fold increases in GST-Gcn4p concentrations than were needed for bindthe swi1-1, snf2-1, swp73, and med2-1 mutants (Figure ing of SAGA or SRB/mediator subunits. Srb2p and two 1B). The swi/snf and med2-1 mutations did not diminish different yTAF II components of SAGA showed dosethe Gcn4p-independent expression of HIS3-gus in dependent binding to wild-type GST-Gcn4p over the strains lacking Gcn4p (data not shown), indicating that entire concentration range tested, and no binding to they reduce HIS3 transcription primarily by impairing mutant GST-Gcn4p bearing Ala substitutions in four hyGcn4p function. drophobic clusters (Figure 2 ). In contrast, HA-tagged We also assayed a synthetic reporter consisting of a Swp73 and Snf5p subunits of SWI/SNF showed dose-CYC1-lacZ fusion bearing two copies of a Gcn4p-binddependent binding that was impaired by mutations in ing site (the UAS GCRE ). More than 98% of the ␤-galactosithe activation domain only at the higher concentrations dase expressed from this construct under amino acid of GST-Gcn4p. Similar results were obtained with an starvation conditions is Gcn4p dependent (Hinnebusch extract containing HA-tagged Snf2p (data not shown). et al., 1985). The various swi/snf and med2-1 mutations These findings imply that Gcn4p physically interacts severely impaired activation of this promoter, showing with SWI/SNF independently of SRB/mediator and a greater effect than did the gcn5⌬ allele ( Figure 1C) .
SAGA. Thus, the need for SWI/SNF components and Med2p
We next explored which hydrophobic clusters in the for high-level activation by Gcn4p is not limited to the Gcn4p activation domain are required for its interaction HIS3 promoter. Similar to null alleles of SWI/SNF genes, with SWI/SNF. Mutating cluster 2 singly had little effect, the swi1-1, swp73-1, and swp73-2 mutations reduced whereas mutating cluster 3 alone substantially reduced expression of an HO-lacZ fusion to about 10% of wildbinding of GST-Gcn4p to subunits of all three coactivatype, whereas snf2-1 reduced HO-lacZ expression by tor complexes (Figure 3, lanes 1-6) . Combining the clusonly 50% (data not shown). Consequently, the snf2-1 ter 3 mutation with mutations in cluster 2, or 1 and 2, mutant may have residual SWI/SNF function.
further reduced binding of SWI/SNF and SRB/mediator At odds with the possibility that the mutations imbut had little effect on SAGA binding (lanes 7-10 versus paired HIS3 transcription by reducing Gcn4p levels, we lanes 3-6). However, the residual binding to all coactivafound that expression of a GCN4-lacZ reporter was essentially identical in wild-type, swp73-1, swp73-2, and tor proteins seen with mutations in clusters 1-3 was ). An appropriate amount of bacterial extract lacking any GST fusion was added to bring the total bacterial protein to 1 mg. GST fusion proteins were precipitated, and recovered proteins were subjected to immunoblot analysis using polyclonal antibodies against the proteins indicated on the right, except that anti-GST antibodies were used to detect GST-Gcn4p. Enhanced chemiluminescence (Amersham) was used to detect the immune complexes. Strain FY1764 has a chromosomal 3ϫHA-SWP73 allele, which was generated essentially as described (Schneider et al., 1995). The correct recombination event was confirmed by PCR amplification and sequencing. essentially eliminated by also inactivating cluster 5 (lanes 11 and 12 versus lanes 9 and 10). Thus, clusters 1-3 and 5 have additive effects on binding of SWI/SNF to GST-Gcn4p, just as observed previously for mediator and SAGA subunits (Drysdale et al., 1998).
Mutations in clusters 5, 6, and 7 also had additive effects on binding of SWI/SNF components to GST- Thus, most of the SRB/mediator and pol II are not assoGcn4p to SWI/SNF but strongly reduced binding to SRB/ ciated with SWI/SNF in a form that withstands our washmediator (lanes 13-16) also suggests that SWI/SNF and ing conditions. Accordingly, it appears that SRB/media-SRB/mediator interact independently with Gcn4p.
tor and SWI/SNF can interact independently with Gcn4p. To confirm this last conclusion, we investigated SWI/SNF and SRB/Mediator Subunits Did Not whether GST-Gcn4p can interact specifically with a Coimmunoprecipitate from Cell Extracts highly purified SWI/SNF fraction that is devoid of Because SWI/SNF subunits were coimmunoprecipiyTAF II 17, Srb2p ( Figure 4B, top, lanes 1-3) , and yTAF II 90 tated with holoenzyme-mediator components from par-(data not shown). As shown in Figure 4B (bottom), the tially purified fractions (Wilson et al., 1996) , we explored Snf5p in this preparation showed a higher level of bindwhether SWI/SNF and SRB/mediator subunits were asing to wild-type GST-Gcn4p than to the mutant bearing sociated under the conditions of our binding assays. substitutions in clusters 3, 5, 6, and 7. These findings We used anti-HA antibodies to immunoprecipitate HAsuggest that Gcn4p interacts directly with the SWI/SNF Swp73 or HA-Snf2p from cell extracts, washed the imcomplex. mune complexes with the binding assay buffer, and probed for other coactivator proteins. To demonstrate Discussion specificity, this procedure was repeated with an extract bearing HA-tagged SAGA subunit Ada3p (Saleh et al.,
Gcn4p Recruits SWI/SNF for 1997). As expected, Snf5p coimmunoprecipitated with
Transcriptional Activation HA-Swp73 and HA-Snf2p but not with HA-Ada3p, Here, we present genetic evidence that SWI/SNF is rewhereas SAGA subunits coimmunoprecipitated with required for activation by Gcn4p, as the med2-1 insertion impaired Gcn4p-dependent expression of the HIS3-
